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Abstract

Aims To investigate the real-world, current clinical practice of the assessment and management of aortic regurgitation (AR).

Methods 
and results

An electronic survey was distributed to cardiovascular imaging specialists by the European Society Association of 
Cardiovascular Imaging Scientific Initiatives Committee. Three hundred respondents from 66 countries completed 
the survey. In patients where initial qualitative evaluation suggested moderate AR, regurgitation severity was further 
characterized using vena contracta in 83%, pressure half-time in 70%, jet width/outflow tract diameter in 59%, regur
gitant volume/effective orifice area 57% and three-dimensional vena contract in 20% of respondents. Cardiac magnetic 
resonance (CMR) was used by 72% of respondents when transthoracic echocardiographic (TTE) image quality was poor  
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and 74% of respondents when there was discordance between Doppler findings and ventricular assessments. CMR 4- 
dimensional flow was performed by 19% of respondents. Left ventricular (LV) diameters were measured at the mitral 
valve level by 52% and at the mid LV by 43% of respondents. LV volumes were measured using TTE by 70%, with CMR by 
40% and with CT by 2% of respondents.

Conclusion There is heterogeneity in the echocardiographic methods used to quantify AR. The vena-contracta is the most commonly 
used for assessment of AR severity with relative underutilisation of quantitative methods. CMR is widely used to assess AR 
severity when echocardiographic assessments are uncertain. There is variation in the anatomical location to measure LV 
dilatation and variable use of LV volumes which may impact decision making for intervention.
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Graphical Abstract

AR, aortic regurgitation; CMR, cardiac magnetic resonance; LV, left ventricle; LVOT, left ventricular outflow tract; TTE, transthoracic echocardiogram.

Keywords aortic regurgitation • echocardiography • cardiac magnetic resonance • quantification • remodelling • left ventricle

Introduction
Aortic regurgitation (AR) is found in up to 15% of the general popula
tion.1 Common causes include degenerative aortic valve disease, bicus
pid aortic valve, rheumatic heart disease, infective endocarditis, 
inflammatory disorders, and abnormalities of aorta.

Significant AR leads to progressive enlargement of the left ventricle 
(LV), eccentric hypertrophy and eventually systolic impairment.2

International guidelines recommend aortic valve intervention in patients 
with severe AR with symptoms or in asymptomatic patients with impaired 

LV systolic function (ejection fraction < 50%) or increased end-systolic 
diameters (>50 mm) as these are associated with poor prognosis.3

More recently, lower thresholds for intervention and the use of LV vo
lumes have been proposed as better predictors of outcome.4,5

Quantification of AR is commonly assessed using echocardiog
raphy and can be performed using a range of different methods in
cluding qualitative, semi-quantitate and quantitative measurements. 
An integrated approach is recommended as each individual param
eter has limitations.6 However, quantification of regurgitant volume 
and effective regurgitant orifice area, where possible, is 
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recommended as they provide better risk stratification than qualita
tive or semi-quantitative methods.7 Transoesphageal echocardiog
raphy (TEE) may be helpful where image quality using 
transthoracic echocardiography (TTE) is limited.

Echocardiographic assessment of AR may be inconclusive or difficult, 
particularly where there are multiple or eccentric jets. Cardiac magnet
ic resonance (CMR) can be useful in these situations. Several CMR 
based methods for quantification of AR exist.8 In addition, CMR imaging 
can accurately quantify LV volumes as well as identify myocardial scar.9

The objective of the survey is to investigate current practice for as
sessing the aetiology of AR, its severity and its impact on the left ven
tricle using multi-modality imaging.

Methods
Survey design and population
An electronic survey was designed by the European Association of 
Cardiovascular Imaging (EACVI) Scientific Initiatives Committee. After 
the initial survey was created, the committee reviewed and amended the 
questions to ensure clarity and consistency. The survey was administered 
via an electronic platform over a 2 month period from 6 November 
2024 to 6 January 2025. All respondents were anonymous. The survey 
was disseminated via EACVI website and EACVI newsletter emails and so
cial media. Data was collected on the methods used to assess symptoms, 
aetiology and quantify AR, LV size and function and aortic dimensions.

The survey was divided into the following sections: 

(1) Demographics and characteristics including age, gender, institution 
type, speciality.

(2) Echocardiographic methods used to assess AR severity including quali
tative (jet width/LV outflow tract width), semi-quantitative (vena con
tracta, pressure half-time) and quantitative measurements (regurgitant 
volume, effective orifice area).

(3) Methods used to quantify AR where TTE is inconclusive.
(4) Methods used to assess LV size and function [TTE, CMR, Computed 

tomography (CT)].
(5) Availability and use of TEE, stress echocardiography and CMR in pa

tients with AR.
(6) Imaging modalities used to assess co-existent aortic pathology.

Statistics
Descriptive data are reported as numbers or percentages.

Results
There were 300 participants from 66 countries. Two hundred and 
nineteen of the 300 (73%), 17/300 (5.7%), 10/300 (3.3%), 19/300 
(6.3%), 25/300 (8.3%), 8/300 (2.7%), 2/300 (0.7%) were based in 
Europe, South America, North America, Asia, the Middle East, Africa 
and Australia, respectively. One hundred and forty-one of the 300 
(47%) were female, whilst 115/300 (38%) were under 40 years old, 
110/300 (37%) between 40 and 49 years old, 43/300 (14%) between 
50 and 59 years old and 32/300 (11%) over 60 years old. Respondents 
were based in tertiary, secondary and primary care centres in 202/300 
(67%), 78/300 (26%), and 20/300 (7%), respectively.

TTE quantification of AR
Semi-quantitative parameters
Vena contracta width was the most commonly used semi-quantitative 
measurement, used by 202/296 (68%), 245/296 (83%), and 236/296 
(80%) of the respondents where initial qualitative assessment was 
mild, moderate, or severe, respectively (Figure 1).

Pressure half-time was the next most used measure, employed by 194/ 
296 (66%), 208/296 (70%), and 203/296 (69%) of the respondents where 
initial qualitative assessment was mild, moderate, or severe, respectively.

Jet width/LV outflow diameter was measured by 150/296 (51%), 
174/296 (59%), and 175/296 (59%) of the respondents where initial 
qualitative assessment was mild, moderate, or severe, respectively.

Flow reversal in the descending aorta was measured by 131/296 
(44%), 240/296 (81%), and 241/296 (81%) of respondents where the 
initial qualitative assessment was mild, moderate or severe, respectively. 
Flow reversal in the abdominal aorta was measured by 63/296 (21%), 
135/296 (46%), and 150/296 (51%) of respondents where the initial 
qualitative assessment was mild, moderate or severe, respectively.

Quantitative parameters
Two-dimensional regurgitant volume and effective regurgitant orifice 
area were measured by 84/296 (28%), 170/296 (57%), and 182/296 
(61%) of respondents where initial qualitative assessment was mild, 
moderate or severe, respectively.

Three-dimensional vena contracta was measured by 37/296 (13%), 
59/296 (20%), and 68/296 (23%) of respondents where initial qualita
tive assessment was mild, moderate or severe, respectively.

Transoesphageal echocardiography
TEE would be used by 175/291 (60%) of respondents if there was dis
cordance between clinical findings and TTE quantified AR severity, 200/ 
291 (69%) used TOE if TTE image quality was poor and 119/291(41%) 
used TEE where the mechanism of AR was not clear from the TTE. 
When there was suspected infective endocarditis and AR was present, 
222/291 (76%) used TEE. Routine TEE was used in all patients with 
moderate and severe AR by 35/291 (12%) and 104/291 (36%) of re
spondents, respectively.

Stress echocardiography
Exercise stress echocardiography was used to assess exercise-induced 
symptoms in asymptomatic patients with severe AR by 101/289 (35%) 
of respondents, and to assess contractile reserve in 77/289 (27%) of re
spondents. Treadmill exercise without echocardiography was used to 
assess symptoms by 45/289 (16%) of respondents.

CMR imaging
Seventy-two percent (203/282) of respondents would use CMR if TTE 
image quality was poor. Of respondents 50 years and older, 48/75 
(64%) would use CMR if TTE image quality was poor compared with 
155/207 (75%) of respondents under 50 years old. 210/282 (74%) of 
respondents would use CMR if there was discordance between 
Doppler findings and ventricular assessment (e.g. ventricular enlarge
ment greater than expected for degree of AR), and 197/282 (70%) 
would use CMR where there was discordance between clinical findings 
and echocardiographic findings. 43/282 (15%) of respondents used 
CMR in all cases where severe AR was identified by TTE and 25/282 
(9%) where moderate AR was identified by TTE.

The most common method to calculate regurgitant volume and frac
tion using CMR was direct diastolic reverse volume at aortic root with 
phase-contrast flow imaging 170/253 (67%). Indirect assessment based 
upon LV stroke volume—RV stroke volume was used by 128/253 
(51%), whilst 93/253 (37%) assessed [aortic total forward stroke vol
ume (SV)]—(pulmonary artery total forward SV) (37%). 4D flow se
quences were performed by 48/253 (19%) of respondents.

Assessment of LV remodelling
LV diameters were measured on TTE at the mitral valve level by 154/ 
298 (52%) of respondents whilst they were measured at the mid 
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ventricle level by 129/298 (43%) of respondents and 15/298 (5%) did 
not define the location. Two-dimensional LV volumes were measured 
by 210/298 (70%) of the respondents whilst additional three- 
dimensional volume data were measured by 122/298 (41%) of the re
spondents. CMR volumes and CT volumes were used by 118/298 
(40%) and 5/298 (2%) of respondents, respectively (Figure 2).

Assessment of LV systolic function was determined by two- 
dimensional Simpson’s biplane ejection fraction by 264/297 (89%) 
of the respondents. Additional global longitudinal strain and 

three-dimensional volumes were used by 155/297 (52%) and 126/ 
297 (42%) of respondents, respectively. CMR and CT LV ejection frac
tion were measured by 143/297 (48%) and 12/297 (4%) of respon
dents, respectively.

Aortopathy
In addition to transthoracic echocardiography, CMR, CT, and TEE were 
used to follow-up aortic dimensions by 80/296 (27%), 105/296 (35%), 
and 30/296 (10%) of respondents, respectively.

Figure 1 Proportion of respondents who used each different echocardiographic methods to quantify AR according to initial qualitative evaluation.

Figure 2 Proportion of respondents who use each different methods to quantify LV dilatation.
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Discussion
This is the first study to examine real-world practice regarding the as
sessment and quantification of AR. It demonstrates there is significant 
heterogeneity in the methods and techniques used to quantify AR 
and LV remodelling. CMR is commonly used as an adjunct when echo
cardiographic assessments are unclear.

Grading AR severity
Qualitative grading of AR can be challenging. Visual jet area may under
estimate severity of regurgitation due to eccentricity and can be influ
enced by colour Doppler gain.10 Semi-quantitative pressure half-time 
is influenced by LV compliance.11 The jet width to LV outflow tract 
diameter ratio may be difficult if there are multiple or eccentric jets. 
Our study found that the semi-quantitative vena contracta method 
was the most commonly used approach to assess AR severity, being 
employed routinely by 82% where initial visual assessment suggested 
moderate AR. However, there was a relatively low use of fully quanti
tative methods with the regurgitant volume or effective regurgitant ori
fice area used by only 57% of respondents. Detaint et al.7 demonstrated 
that a quantitative approach for AR grading (using effective regurgitant 
orifice and regurgitant volume) was superior in identifying patients at 
high risk of poor outcome and therefore requiring surgery. A recent 
EACVI position paper recommends quantification using the proximal 
isovelocity surface area (PISA) methods if feasible.12 There can be prac
tical challenges as the PISA method may be difficult to measure due to 
interposition of valve tissue and difficulty in correctly identifying the 
flow convergence zone.12 However training and practice to improve 
operator experience may improve feasibility, Detaint et al.7 found 
that quantification was highly feasible and that regurgitant volume 
and effective orifice area could be quantified by 2 out the 3 methods 
in 85% of their cohort.

Three-dimensional vena contracta has been shown to have better 
correlation to CMR quantification of AR than two-dimensional vena 
contracta particularly in patients with eccentric jets13; however, less 
than a quarter of respondents used this technique. This may be due 
in part to a lack of familiarity and training in the technique and the 
need for greater automation of measurements. In addition, dedicated 
post-processing software is required, which may limit access to the 
technique.

In this study, more respondents turned to CMR than TEE when 
echocardiographic windows were poor or there was discordance be
tween clinical and echocardiographic findings. Routine CMR quantification 
was uncommon even though CMR quantification of AR demonstrates 
greater precision than echocardiographic methods.14 The most common 
CMR quantification technique was phase-contrast assessment of regurgi
tant volume and fraction. However, this assumes the presence of laminar 
blood flow and that the imaging planes are aligned perpendicular to blood 
flow. Four-dimensional flow CMR was rarely used. Whilst representing an 
emerging technique it holds several important advantages, being potential
ly more accurate with eccentric jets as flow patterns and haemodynamics 
can be assessed along all three spatial dimensions and not being reliant on 
breath hold.15

LV remodelling
AR leads to volume and pressure overload. Consequent LV dilatation is 
traditionally assessed on echocardiography using the two-dimensional 
(or M-mode) diameter at the base of the left ventricle (at the mitral 
valve tips).16 However, measuring this parameter at the base of the 
left ventricle may not represent the true maximal diameter. Chetrit 
et al showed that measuring the left ventricle at the maximal diameter 
(usually mid ventricle) correlates more closely with CMR volumes.17

Our study shows a split with approximately half of respondents meas
uring the left ventricle at base and half at the maximal diameter. This will 

potentially lead to heterogeneity in decision making with under- 
estimation of LV dilatation and delayed referral for valve intervention 
in some patients. Given the importance of this measurement for decid
ing the timing of intervention in asymptomatic patients standardisation 
is required. Specific recommendations in guidelines and congress edu
cational session would help reduce the variation.

In this study, 70% of respondents measured LV volumes with 
echocardiography, whilst 40% used CMR to assess LV remodelling 
and function. LV remodelling is not always symmetrical.18 LV end- 
systolic volume (>45 mL/m2) is a better predictor of outcome 
than diameter.5,19 When TTE images are inadequate for obtaining 
accurate volumes, the use of echo contrast improves the accuracy 
and reproducibility.20

Global longitudinal strain is a marker of sub-clinical myocardial dys
function and its impairment is associated with long term mortality.21

Anand et al.22 showed that global longitudinal strain was associated 
with high mortality in patients without class I or IIa recommendations 
for intervention, patients with at least two markers of LV dysfunction 
(ejection fraction <60%, indexed end-systolic volume > 45 mL/m2 or 
global longitudinal strain worse than 15%).22 In our study, 52% of re
spondents reported use of global longitudinal strain. This parameter 
may help guide timing of intervention in low risk asymptomatic cases 
with serial imaging showing these adverse features.

Symptoms Testing
Determining symptom status can be challenging in some patients with 
severe AR. Patients may not complain of dyspnoea but may notice slow 
reductions in daily activities over time. In this study, 35% of respondents 
used exercise stress echocardiography and 15% of respondents used 
exercise testing to identify exercise-induced dyspnoea when symptom 
assessment was challenging or equivocal. Evaluation of LV contractile 
reserve can be identified during exercise stress echocardiography.23

A lack of contractile reserve may identify latent dysfunction and post- 
aortic valve replacement LV impairment.24 This was used in routine 
clinical practice by a third of the respondents.

Limitations
This was an observational survey where participants were approached 
via a variety of different media (EACVI newsletters, social media and 
website) and therefore may be subject to selection bias. There is poten
tial for recall bias when self-reporting data, which may impact recollec
tion of perceived rather than actual practice. There was no external 
validation of the data provided by the participants. The sample size 
was relatively small, and the majority of participants were from 
Europe and worked in tertiary centres; therefore, the results may 
not reflect the full spectrum of practice.

Conclusion
There is heterogeneity in TTE methods used to assess and quantify AR. 
The vena contracta is the most popular method with relative underutil
isation of fully quantitative methods including the effective regurgitant 
orifice area and volume. CMR is commonly used when echocardio
graphic assessments are not clear. There is variation in the anatomical 
location to measure LV dilatation and variable use of LV volumes which 
may impact decision-making for intervention and requires specific re
commendations in future guidelines.

Consent
The study did not involve patient participation therefore no patient 
consent was obtained.
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